Introduction
============

Ischemic stroke accounts for the majority of stroke cases and constitutes a major cause of death and disability in the industrial world.[@b1-ndt-15-575] Inflammation and immune response play an important role in the pathogenesis of ischemic stroke.[@b2-ndt-15-575],[@b3-ndt-15-575] The brain responds to ischemic injury with an acute and prolonged inflammatory process, characterized by rapid activation of resident cells, production of pro-inflammatory mediators, and infiltration of various types of inflammatory cells into the ischemic brain tissue.[@b4-ndt-15-575]--[@b6-ndt-15-575] Neopterin is a pteridine derivative which is mainly produced by macrophages stimulated by IFN-ү which is secreted by activated T-cell lymphocytes.[@b7-ndt-15-575] It is a marker associated with the activity of monocyte/macrophages[@b8-ndt-15-575] and a sensitive marker of cell-mediated immunity.[@b9-ndt-15-575] Neopterin is also formed within the central nervous system by the microglia cells.[@b10-ndt-15-575] It can be detected in various body fluids such as serum, cerebrospinal fluid, synovial fluid, pancreatic juice, urine, saliva, and ascites fluid.[@b11-ndt-15-575],[@b12-ndt-15-575] Neopterin concentrations are found to be increased in atherosclerosis, infectious diseases, malignancies, autoimmune diseases, insulin-dependent diabetes mellitus, heart and kidney failure, coronary artery disease, cerebral ischemia, multiple sclerosis, and allograft rejection.[@b2-ndt-15-575] Zeng et al stated that early increases in serum level of neopterin can predict 90-day unfavorable clinical outcome in patients after AIS.[@b2-ndt-15-575] Therefore, it can be used as a useful independent tool to predict functional outcome and mortality 6 months after stroke. Long-term disability is a significant problem among survivors, but much of the literature has emphasized mortality rates as an outcome measure rather than functional status and reduction of morbidity.[@b13-ndt-15-575] CD40L (CD40 ligand) and sCD40L (soluble form of CD40 ligand) are molecules with a dual pro-thrombotic and pro-inflammatory roles. However, the exact mechanisms linking the CD40/CD40L system and sCD40L with atherothrombosis are currently a topic of intensive research.[@b14-ndt-15-575] CD40L is a 39 KDa trimeric transmembrane glycoprotein belonging to the tumor necrosis factor family, which rapidly appears on the surface of the membrane after platelet activation and generates a soluble form, sCD40L.[@b15-ndt-15-575] The levels of sCD40L were reported to increase in patients with cerebrovascular disease and were considered to participate in the process of forming and extending atherosclerosis, including exacerbating the rupture of atherosclerotic plaque.[@b16-ndt-15-575],[@b17-ndt-15-575] There is a growing evidence that C-reactive protein (CRP), a peripheral marker of inflammation, is also a marker of generalized atherosclerosis[@b18-ndt-15-575] and is a potential prognostic biomarker of ischemic stroke.[@b19-ndt-15-575] VanGilder et al suggested that CRP is a biomarker for predicting post-ischemic stroke outcome.[@b13-ndt-15-575] Moreover, Elkind et al showed an association between high CRP level and stroke presentation, outcomes, and future vascular events.[@b20-ndt-15-575] The current study aimed at evaluating the relationship of neopterin and sCD40L levels with acute ischemic stroke (AIS), clarifying its association with the severity, etiology, and risk factors, and finally assessing their relationship with the stroke functional outcome in our studied patients within 90-day follow-up period.

Patients and methods
====================

Study design
------------

This work was a case--control study conducted on 100 patients with first-ever acute onset ischemic stroke and 25 age-and sex-matched apparently healthy subjects as normal controls.

Case selection
--------------

The patients' age ranged from 38 to 80 years with a mean of 60.5 years, and were recruited from The Stroke Unit of Neuropsychiatric Department, Aswan University Hospitals, during the period from September 2015 to September 2016. Inclusion criteria: patients were eligible for study if they were admitted to the stroke unit with ischemic stroke and symptom onset within 24--48 hours, confirmed by computerized tomography (CT scan) and/or magnetic resonance imaging (MRI) of brain.Exclusion criteria: patients with brain neoplasm, history of previous stroke, hepatic/renal impairment, autoimmune diseases, history of acute/chronic inflammatory diseases, malignancy, trauma, surgery, and acute vascular diseases that occurred within 4 weeks prior to the onset of stroke.

Study tools
-----------

All patients were submitted for the following evaluation: Complete neurological examination where the following clinical and demographical data were collected: age, sex, and presence of stroke risk factors (as smoking history, hyperlipidemia, diabetes mellitus, history of hypertension, history of transient ischemic attacks, history of myocardial infarction, or any cardiac problems).Stroke etiology was classified according to the criteria of Trial of Org 10172 in Acute Stroke Treatment (TOAST) classification.Stroke severity was assessed by Scandinavian Stroke Scale (SSS) measured at the time of admission.The modified Rankin Scale (mRS), being one of the most widely used measures for assessment of the outcome of stroke, was used to assess functional outcome at 3 months (90 days after admission) and the patients were blinded to neopterin and sCD40L levels. A mRS ≤2 was defined as favorable outcome, and a mRS\>2 was defined as unfavorable outcome. Poor outcome was defined as a score of more than 2 on the mRS, including death at 3 months from stroke onset. A secondary outcome was death at 3 months.Brain imaging (either CT scan and/or MRI) was performed after admission.Electrocardiography and echocardiography were conducted for all patients.Ten milliliters of venous blood was collected from all the studied patients and controls: 2 mL was drawn into an EDTA tube for complete blood picture (Sysmex XP-300 cell counter) and 8 mL was divided into two clean tubes (for serum sample collection) for routine and special parameter estimation. Serum samples were left for clotting, and then were centrifuged at 3,000 rpm for 20 minutes. Serum was separated and divided into three portions: one for routine parameter estimation (random blood glucose, renal and liver function tests, and lipid profile). All the tests were performed on fully automated analyzer BT-3500 (Biotecnica S.p.A, Rome, Italy). The other two portions were freezed at −20°C until further use for estimation of neopterin and sCD40 ligand levels using a sandwich ELISA technique (Calbiotech Inc., 10461 Austin Dr, Spring Valley, CA, USA). All blood samples were collected on the first day of admission and hemolyzed samples were excluded. Serum level of high-sensitivity CRP was measured at admission.

Sample size calculation
-----------------------

The sample size was calculated using G\*Power 3 software. A minimum sample of 55 participants divided into two groups (30 stroke patients and 25 controls) was needed to detect an effect size of 0.3 in the mean neopterin level, with an error probability of 0.05% and 80% power on a one-tailed test. For better analysis, we increased the patients' sample size to include 100 stroke patients.

Statistical analysis
--------------------

The collected data were verified, coded by the researcher, and analyzed using the SPSS software, version 21 (IBM Corporation, Armonk, NY, USA). Descriptive statistics including mean, SD, median, range, frequencies, and percentage were calculated. Student's *t*-test, test of significance, was calculated to test the mean differences in continuous variables between groups. Multivariate logistic regression analysis was performed to investigate the significant factors influencing stroke mortality (OR, 95% CI). Spearman's rank correlation coefficient was calculated for univariate correlations between markers and risk factors. Receiver operating characteristic (ROC) curve was depicted to explore the diagnostic performance of neopterin, sCD40L, and CRP for diagnosis of stroke, analyzed as area under the curve (AUC), standard error (SE), and 95% CI. Validity statistics (sensitivity, specificity) were calculated. Test results were considered significant when *P*-value was ≤0.05.

Ethical consideration
---------------------

The current study was approved by the Institutional Ethics Committee, Faculty of Medicine, Aswan University. All patients were provided with complete information about the study objectives, methods, and risk/benefit assessment. A written consent was obtained from each participant upon acceptance to take part in the study. The study was conducted in accordance with the principles of Declaration of Helsinki.

Results
=======

A total of 100 patients (44 men, 56 women; mean age, 60.6±9.7 years; range, 38--80 years) were included with mean duration of AIS of 18.9±10.7 hours. Demographic characteristics and risk factor profiles are presented in [Table 1](#t1-ndt-15-575){ref-type="table"}. The median SSS score was 20 with a mean ± SD of 25.3±14.8. Likewise, the median mRS score at 90 days after the onset of accident was 4 with a mean ± SD of 3.7±1.5. Their SBP and DBP were high with mean of 144.8±17.1 and 84.8±7.6 mmhg, respectively.

Moreover, it was found that 68 patients had abnormal carotid duplex, while 24 cases had abnormal vertebrobasilar duplex. Also, 60% of cases had AIS due to small vessel disease, while cardio-embolic etiology was observed only in 40%. Non-valvular atrial fibrillation (AF) was the commonest risk factor (84%) among patients followed by hypertension (64%), hyperlipidemia (60%), smoking (40%), and diabetes (36%), whereas the rate of coronary heart disease was the least (12%) in the studied stroke cases.

The current study concluded that cases had higher levels of total cholesterol, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, triglycerides, and random blood glucose levels.

With regard to the mean serum levels of inflammatory markers, a statistically significant increase in neopterin, sCD40L, and CRP levels was observed in our studied patients with AIS (mean ± SD: 16.04±3.8 nmol/L, 8.2±1.9 ng/mL, and 4.8±1.6 mg/dL, respectively) in comparison to control group (mean ± SD: 1.3±0.2 nmol/L, 0.8±0.6 ng/mL, and 2.7±1.7 mg/dL, respectively) with *P*\<0.001 for each parameter as given in [Table 2](#t2-ndt-15-575){ref-type="table"}.

There was no statistically significant difference between the mean serum levels of neopterin and sCD40L in AIS cases with favorable (mRS =0--2) and unfavorable (mRS =3--6) outcomes 90 days later (mean ± SD: 16±3.6 vs 16.04±3.8 nmol/L, respectively, with *P*\>0.05 and 8±0.6 vs 8.2±2.1 ng/mL, respectively, with *P*\>0.05) as given in [Table 3](#t3-ndt-15-575){ref-type="table"} and [Figure 1A and B](#f1-ndt-15-575){ref-type="fig"}.

Furthermore, the studied AIS cases showed statistically significant lower mean levels of neopterin in survivors compared to those who died (mean ± SD: 16±3.8 vs 18±5.2 nmol/L, respectively, with *P*≤0.001). Notably, the mean levels of CD40 ligand in survivors were significantly lower compared to those who died (mean ± SD: 8±1.35 vs 10±2.28 ng/mL, respectively, with *P*≤0.001) as given in [Table 4](#t4-ndt-15-575){ref-type="table"} and [Figure 2A and B](#f2-ndt-15-575){ref-type="fig"}.

Based on the ROC curve, the optimal cutoff value of serum neopterin levels as an indicator for prediction of poor functional outcome and mortality was projected to be\>16.5 nmol/L, which yielded a sensitivity of 100% and a specificity of 94.7%, with AUC of 0.75 (*P*\<0.001). Likewise, the optimal cutoff value of serum sCD40L levels as an indicator for prediction of poor functional outcome and mortality was projected to be \>8.5 ng/mL, which yielded a sensitivity of 100% and a specificity of 94.7%, with AUC of 0.83 (*P*\<0.001). Also, the optimal cutoff value of serum CRP levels as an indicator for prediction of poor functional outcome and mortality was projected to be \>2.5 mg/dL, which yielded a sensitivity of 100% and a specificity of 63.2%, with AUC of 0.85 (*P*\<0.001), as shown in [Table 5](#t5-ndt-15-575){ref-type="table"} and [Figure 3A--C](#f3-ndt-15-575){ref-type="fig"}.

Our study reported a non-significant negative correlation between neopterin and SSS (*r*=-0.126, *P*=0.21); however, sCD40L and CRP levels had statistically significant negative correlation with SSS (*r*=-0.285 and-0.252, *P*\<0.05, respectively). Notably, neopterin, sCD40L, and CRP levels had statistically significant positive correlations with functional outcome at 90 days (after the onset of stroke) when measured by mRS (*r*=0.278, 0.490, 0.402, respectively, *P*\<0.05). A statistically significant positive correlation between neopterin and sCD40L levels was found (*r*=0.425, *P*\<0.001). CRP level was statistically and significantly correlated positively with both serum neopterin and sCD40L levels (*r*=0.330 and *r*=0.171, respectively, with *P*\<0.001 for each). Additionally, there were statistically significant positive correlations between the neopterin level and the sCD40L level in patients with small artery disease as etiology for AIS (*P*=0.04 and *P*=0.03, respectively) as shown in [Table 6](#t6-ndt-15-575){ref-type="table"} and [Figure 4A--C](#f4-ndt-15-575){ref-type="fig"}.

There was also a significant positive correlation between the neopterin level and diabetes mellitus (*r*=0.046, *P*=0.03), with no significant correlations with other risk factors. Serum level of sCD40L had statistically significant positive correlations with smoking, hypertension, diabetes mellitus, and dyslipidemia (*r*=0.117, 0.1, 0.185, and 0.046, respectively, with *P*\<0.05), without any significant correlations with ischemic heart disease and non-valvular AF, as summarized in [Table 7](#t7-ndt-15-575){ref-type="table"}.

[Table 8](#t8-ndt-15-575){ref-type="table"} shows the multivariate regression analysis of the significant predictors affecting mortality among the AIS cases. After adjusting for age and sex, the final logistic regression model contained two predictors: serum levels of sCD40L and CRP. In other words, with 1 ng/mL increase in sCD40L serum level, there was 2.65 times increase in the probability of dying from AIS (adjusted OR \[AOR\] =2.65, 95% CI 1.03--6.81), and this difference was statistically significant (*P*\<0.05). Likewise, with 1 mg/dL increase in the CRP level, there was 2.51 times increase in the probability of dying from AIS (AOR =2.65, 95% CI 1.15--5.51), which was statistically significant (*P*\<0.05).

Discussion
==========

Immune responses and inflammation play an important role in the pathogenesis of ischemic stroke.[@b2-ndt-15-575] Recently, strategy for treatment of stroke is based on the assumption that administration of pharmaceuticals may ameliorate progressive tissue injury, consequently improving functional outcome. Recent studies have evaluated the therapeutic potential of gene transfer to reduce ischemic brain injury. For example, anti-inflammatory peptides that reduce the inflammatory response, anti-oxidants that reduce damage produced by oxygen radicals, and anti-apoptosis agents that reduce neuronal death all potentially have therapeutic roles in protecting against ischemic brain injury. The current study aimed at assessing the neopterin, sCD40L, and hs-CRP levels in patients with AIS at admission and predicting their role in the functional outcome and mortality after 3 months.

Our study reported significantly higher levels of neopterin and sCD40L in acute stroke patients when compared with controls. This finding was in concordance with previous studies that reported significantly higher serum levels of neopterin and sCD40L in patients with AIS when compared with control subjects.[@b21-ndt-15-575],[@b22-ndt-15-575] Indeed, the increased severity of stroke, as defined by the SSS score, had significant correlation with increasing levels of sCD40L, but not with higher levels of neopterin. These results were in disagreement with many studies which hypothesized that higher levels of neopterin were associated with more severe stroke presentation. However, they found that higher levels of sCD40L in AIS patients were associated with more neurological deficit as assessed by The National Institutes of Health Stroke Scale, reflecting the severity of the stroke.[@b2-ndt-15-575],[@b15-ndt-15-575],[@b23-ndt-15-575] This conflicting result could be attributed to methodological differences between the studies; while we evaluated the association between these markers and the severity of stroke at admission only, they determined it at 48 hours after acute IS and after 90 days of follow-up. Moreover, Novo et al and Rosvall et al stated that sCD40L might be a predictive risk factor for cerebrovascular events.[@b24-ndt-15-575],[@b25-ndt-15-575]

In the current study, no significant differences in the levels of neopterin and sCD40L in our patients, with unfavorable functional outcome when compared to those with favorable outcome, were found. Nonetheless, significant correlations between their levels and functional outcomes at 90-day follow-up were observed in our study, indicating prolonged inflammatory response of brain to ischemic injury which in turn is characterized by activation of resident brain cells, production of pro-inflammatory mediators like neopterin, and infiltration of various types of inflammatory cells into ischemic brain tissue. Our findings were in contrast to Lin et al and Zeng et al who stated that neopterin levels were strongly and independently predictive of 90-day unfavorable clinical outcome in patients with AIS.[@b2-ndt-15-575],[@b23-ndt-15-575] Arsenault et al suggested that plasma levels of neopterin are significantly associated with the risk of poor outcomes in major cardio-and cerebrovascular events.[@b26-ndt-15-575] Lai et al found no association between CD40L and stroke outcome.[@b27-ndt-15-575]

Moreover, Leonardo reported a higher CD154 expression in platelets of ischemic stroke patients with poor functional outcome, compared with patients with better outcome.[@b28-ndt-15-575] Also, the highest levels of neopterin, sCD40L, and CRP were detected in our deaths, suggesting that they were not only considered as markers for clinical outcome, but could also play a pathogenic role in stroke. These results were in concordance with Zeng et al who found that non-survivor AIS patients had significantly higher neopterin levels than survivors, suggesting that it could be considered as an independent prognostic marker for functional outcome and death in patients with AIS.[@b2-ndt-15-575] Leonardo reported higher serum levels of sCD154 in non-surviving patients than in surviving patients, and an association between serum levels of sCD154 and patient mortality.[@b28-ndt-15-575] They explained this association by a higher inflammatory state and a higher pro-thrombotic state, which could facilitate higher brain ischemia and higher death risk for patients with higher circulating sCD154 levels. Also, Zacho et al reported that as a result of the inflammation that participates in the mechanisms of cerebral injury, high CRP levels could be a sign of an inflammatory state and the increased CRP levels are consistently associated with atherosclerosis and vascular disease, suggesting that their elevated concentrations could predict poor survival independently of stroke severity.[@b29-ndt-15-575]

Inflammation could accentuate platelet activation and cytokines released by the activated platelets that could induce inflammatory responses. Both inflammation and platelet activation play important roles in acute ischemic vascular events.[@b29-ndt-15-575] Aloui et al and Thomas and Storey reported that platelet activation plays a key role in forming and extending atherosclerotic plaques. These activated platelets release sCD40L-inducing platelet aggregation and platelet--leukocyte conjugation that may lead to atherothrombosis and inflammation which is well known to play significant roles in the occurrence and the development of atherosclerosis.[@b30-ndt-15-575],[@b31-ndt-15-575]

Nevertheless, Hermus et al stated that increased inflammation has been reported in patients with carotid artery disease and AIS.[@b32-ndt-15-575] In our study, significant associations between the highest mean levels of neopterin and sCD40L with atherosclerotic changes and carotid stenosis were found. Our results were in agreement with Chen et al who reported that higher levels of circulating neopterin were found in patients with severe carotid artery stenosis and AIS.[@b33-ndt-15-575] Notably, Hermus et al and Sugioka et al had reported that the neopterin levels were higher in patients with carotid artery disease than in healthy subjects.[@b32-ndt-15-575],[@b34-ndt-15-575] Also, Wang et al and Ding et al stated that the plasma sCD40L levels of patients with ischemic stroke and carotid plaques were significantly higher than those of asymptomatic patients, suggesting that an elevated plasma sCD40L level plays an important role in platelet activation and arteriosclerotic thrombosis formation in patients with ischemic stroke.[@b17-ndt-15-575],[@b35-ndt-15-575]

Furthermore, in the current study, more elevated CRP levels were observed in our stroke patients compared to controls. Elevated levels of CRP were correlated with stroke severity and poor functional outcome in our patients, where patients with elevated CRP had lower SSS and higher mRS scores. However, our patients still had normal levels of CRP after stroke, implying that ischemic stroke itself does not induce a full-blown acute phase response. These findings were in concordance with Chen et al who reported that CRP is increased during both acute and convalescent phases of ischemic stroke and is independently predictive of 90-day major adverse neurological events in patients with ischemic stroke.[@b33-ndt-15-575]

Moreover, Elkind et al stated that CRP measured predominantly within the first 72 hours post-stroke was associated with an increased risk of mortality over the following 5 years, after adjusting for confounding factors.[@b20-ndt-15-575] Song et al reported that higher plasma concentration of CRP was associated with a worse neurologic outcome.[@b36-ndt-15-575] Ferro et al showed that a high CRP level at admission is associated with more severe stroke, cardioembolic etiology, poor short-term functional outcome, and higher mortality.[@b37-ndt-15-575] Therefore, we considered that increased CRP level following stroke was not only a consequence of brain infarction but also contributes to ischemic damage as well.

In the current study, we found significant positive correlations between neopterin, sCD40L, and CRP levels. These results were in agreement with Zeng et al.[@b2-ndt-15-575] However, Ferro et al, Heeschen et al, and de Lemos et al reported no relationship between sCD40L and CRP levels, indicating that they likely represent two different pathways of the inflammatory status.[@b37-ndt-15-575]--[@b39-ndt-15-575] Therefore, these inflammatory biomarkers are potentially mutual factors predictive of prognostic outcomes in patients with AIS.

In contrast to Ferro et al[@b37-ndt-15-575] who reported that patients with non-valvular AF and with higher sCD40L levels were at higher risk of ischemic stroke, we observed no correlations between the highest levels of sCD40L, serum neopterin, ischemic heart diseases, and AF in our AIS patients. Moreover, El-Shahhat et al found higher CD40L levels in patients with unstable angina, reflecting the important pathogenic aspects in these patients.[@b40-ndt-15-575]

We found that serum neopterin level was positively correlated only with the presence of diabetes mellitus as risk factor for AIS. This result was in agreement with Grossmann et al who showed a weakly positive association between neopterin and diabetes.[@b41-ndt-15-575] Increased neopterin levels in diabetic patients could be explained by enhanced granulocyte aggregation in subjects with diabetes influenced by the intense metabolic disturbances. Activated granulocytes can also trigger vascular damage, which might contribute to the development of atherosclerosis. However, there were no correlations between neopterin and other studied risk factors of AIS in our study. These findings were in contrast with Schennach et al who reported a weak, but highly significant, correlation of neopterin concentrations with DBP, owing to the fact that atherosclerosis, which is associated with immune activation and higher neopterin production, might possibly lead to vasoconstriction and thereby increased DBP.[@b42-ndt-15-575] Also, they reported that there were non-significant correlations of higher neopterin levels with serum cholesterol and SBP. Notably, Schennach et al found that smokers showed lower levels of neopterin, clarifying the suppressive effect of tobacco smoke on the human immune system.[@b42-ndt-15-575]

Hypercholesterolemia and type 2 diabetes mellitus (T2DM) are two major risk factors for atherosclerosis development and progression, and both are often associated with a hypercoagulable state, an increased platelet adhesion and aggregation, and a state of subclinical inflammation. Markers of vascular inflammation have emerged as new independent predictors of cardiovascular events, eg, CD40L.[@b43-ndt-15-575] In the current study, we found positive correlations of higher levels of sCD40L with diabetes, hypertension, dyslipidemia, and smoking. These results agreed with Davi et al who stated that diabetic patients with AIS had higher plasma sCD40L than controls, because T2DM is characterized by persistent platelet activation, which is responsible for the increased plasma levels of sCD40L.[@b44-ndt-15-575] Seijkens et al demonstrated the involvement of the CD40--CD40L axis in the development and progression of T2DM and its vascular complications and suggested that inhibition of CD40--CD40L may reduce the systemic inflammatory response responsible for the progression of T2DM and the development of cardiovascular disease (CVD).[@b45-ndt-15-575] Moreover, Lievens et al and Vaidyula et al reported that both hyperglycemia and chronic hyperinsulinemia increase the expression of membrane-bound CD40L on circulating platelets, which subsequently promotes the formation of platelet--leukocyte aggregates and leukocyte--endothelium interactions, thereby enhancing vascular inflammation.[@b46-ndt-15-575],[@b47-ndt-15-575] Harding et al and Levitzky et al stated that the expression of CD40L on platelets and platelet--monocyte aggregates significantly increased in healthy smokers compared to non-smokers.[@b48-ndt-15-575],[@b49-ndt-15-575] This could be explained by the fact that platelets increased their activation as a response to cigarette smoke with release of sCD40L from activated platelets. The release of sCD40L from platelets upon activation indicates the hypercoagulable state that promotes vascular thrombosis in active smokers.[@b50-ndt-15-575]

In contrast to our results, Lim et al did not find any significant correlations between sCD40L and total cholesterol, glycemia, and blood pressure, suggesting alternative mechanism(s) for the elevated sCD40L and abnormal platelet activation in patients.[@b51-ndt-15-575] Moreover, Jefferis et al stated that serum sCD40L levels were associated with cigarette smoking status, but were not consistently associated with classic cardiovascular risk factors (lipids and blood pressure).[@b52-ndt-15-575]

In the current study, significantly higher levels of neopterin and sCD40L were found in AIS patients with small artery disease as an etiology for stroke. Our finding was in concordance with that reported by Rouhl et al who demonstrated that neopterin levels were higher in lacunar stroke patients than in hypertension patients, suggesting that activated monocytes/macrophages play a role in the pathophysiology of CVD.[@b53-ndt-15-575] Similarly, Oberheiden et al revealed a significantly higher platelet surface expression of CD40L in patients with lacunar stroke (based on small artery disease) than in patients with territorial stroke (based on large artery disease).[@b54-ndt-15-575] However, in disagreement with our results, Davi et al stated that there were no significant differences in plasma CD40L among different TOAST groups indicating that CD40--CD40L activation may be one of the universally active mechanisms shortly before or after ischemia.[@b44-ndt-15-575] Likewise, Tsai et al reported higher plasma levels of CD40L in patients with large artery disease stroke, significantly differing from patients with cardioembolic stroke.[@b22-ndt-15-575] Wang et al stated that CD40L, on peripheral blood monocytes, also was higher in patients with the large-artery atherosclerosis stroke type than in patients with any other type of acute cerebral infarction or pure carotid artery stenosis, suggesting that circulating monocytes with high CD40L expression may be associated with cerebral atherosclerosis and plaque instability.[@b14-ndt-15-575]

The current study encountered some limitations. First, the study evaluated the short-term outcome (90-day follow-up). The relationship between long-term outcome and neopterin, sCD40L, and CRP has not yet been studied. The second issue was non-randomized sampling technique, which may affect the generalizability of the results.

Conclusion
==========

The evaluated serum levels of neopterin, sCD40L, and CRP have been associated with unfavorable 90-day stroke outcome and have been predictive of death in patients with AIS.

Recommendations
===============

Future research work should be conducted to assess the level of inflammatory markers as predictors of patient neurological deficit, outcome, or follow-up. Disease progression and treatment efficacy is a new era for the modulation of treatment. Development of antibodies against these involved inflammatory markers is a new line of treatment for amelioration of post-stroke outcome, and this could be a promising way to prevent deterioration in AIS.
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###### 

Basic characteristics of the study patients with acute ischemic stroke

  Parameters                                   Patients (n=100)   Controls (n=25)
  -------------------------------------------- ------------------ -----------------
                                                                  
  Age/years (mean ± SD)                        60.6±9.7           58.5±5.7
                                                                  
  Sex (male/female) (%)                        44/56 (44%/56%)    12/13 (48%/52%)
                                                                  
  Duration of stroke (hours)                   18.9±10.7          
                                                                  
  mRS (90 days later) (mean ± SD, median)      3.7±1.5, 4         
                                                                  
  SSS (mean ± SD, median)                      25.3±14.8, 20      
                                                                  
  Number of deaths                             24 (24%)           
                                                                  
  Vascular risk factors (No \[%\])                                
   Hypertension                                64 (64%)           
  SBP (mm Hg)                                  144.8±17           
  DBP (mm Hg)                                  84.8±7.6           
   Dyslipidemia                                60 (60%)           
   Diabetes mellitus                           36 (36%)           
   Smoking                                     40 (40%)           
   Ischemic heart disease                      12 (12%)           
   Non-valvular atrial fibrillation            84 (84%)           
                                                                  
  Stroke etiology (No \[%\])                                      
   Small vessel occlusion                      60 (60%)           
   Cardio-embolism                             40 (40%)           
                                                                  
  Abnormal carotid duplex (No \[%\])           68 (68%)           
                                                                  
  Abnormal vertebrobasilar duplex (No \[%\])   24 (24%)           
                                                                  
  Laboratory investigations                    Mean ± SD          
                                                                  
  TC (mmol/L)                                  214.9±49.9         199±48.4
  LDL-C (mmol/L)                               141.8±58.5         112±28.2
  HDL-C (mmol/L)                               48.6±10.5          44±8.8
  TG (mmol/L)                                  132.5±50.9         115±60.3
  RBG (mg/dL)                                  144.3±69.3         111.7±14.2
  ESR (minutes)                                54.3±21.8          70.0±11.9

**Abbreviations:** ESR, erythrocyte sedimentation rate; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; mRS, modified Rankin Scale; RBG, random blood glucose; SSS, Scandinavian stroke scale; TC, total cholesterol; TG, triglycerides.

###### 

The mean levels of inflammatory markers in all patients with ischemic stroke compared to controls

  Parameters             Patients (n=100)   Controls (n=25)   *P*-value[\*](#tfn2-ndt-15-575){ref-type="table-fn"}
  ---------------------- ------------------ ----------------- ------------------------------------------------------
  CRP (mg/dL)            4.8±1.6            2.7±1.7           0.001
  Neopterin (nmol/L)     16.04±3.8          1.3±0.2           0.001
  sCD40 ligand (ng/mL)   8.2±1.9            0.8±0.6           0.001

**Note:**

Student's *t*-test was used to compare the mean difference between groups. Abbreviations: CRP, C-reactive protein; sCD40, soluble CD40.

###### 

Distribution of serum neopterin and sCD40 ligand levels in stroke patients with favorable and unfavorable outcomes (90 days later)

  Parameters                 mRS (90 days later) (n=100)   *P*-value[a](#tfn3-ndt-15-575){ref-type="table-fn"}   
  -------------------------- ----------------------------- ----------------------------------------------------- -----
  Neopterin (mean ± SD)      16±3.6                        16.1±3.8                                              0.7
  sCD40 ligand (mean ± SD)   8±0.6                         8.2±2.1                                               0.3

**Note:**

Student's *t*-test was used to compare the mean difference between groups.

**Abbreviations:** mRS, modified Rankin Scale; sCD40, soluble CD40.

###### 

Distribution of serum neopterin and sCD40 Ligand levels according to survival status

  Parameters                   Survivors (n=76)   Deaths (n=24)   *P*-value[a](#tfn5-ndt-15-575){ref-type="table-fn"}
  ---------------------------- ------------------ --------------- -----------------------------------------------------
  Serum neopterin (nmol/L)     16±3.8             18±5.2          0.001
  Serum sCD40 ligand (ng/mL)   8±1.35             10±2.28         0.001

**Note:**

*P*-value is significant if\<0.05.

**Abbreviation:** sCD40, soluble CD40.

###### 

Prediction of functional outcome and mortality in AIS patients

  Parameter     Neopterin       sCD40 ligand   CRP
  ------------- --------------- -------------- -------------
  AUC           75.4%           83.3%          85.1%
  95% CI        0.65--0.85      0.70--0.96     0.76--0.94
  Cutoff        \>16.5 nmol/L   \>8.5 ng/mL    \>2.5 mg/dL
  *P*-value     0.001           0.001          0.001
  Sensitivity   100%            100%           100%
  Specificity   94.7%           94.7%          63.2%

**Abbreviations:** AIS, acute ischemic stroke; AUC, area under the curve; CRP C-reactive protein; sCD40, soluble CD40.

###### 

Correlation of the serum levels of neopterin, sCD40 ligand, and CRP with the stroke severity and the functional outcome in patients with ischemic stroke

  Parameters     mRS     Neopterin   sCD40 ligand   CRP                               
  -------------- ------- ----------- -------------- ------- -------- ------- -------- -------
  SSS                                −0.126         0.211   −0.285   0.004   −0.252   0.012
  Neoptrin       0.278   0.005                              0.425    0.001   0.330    0.001
  sCD40 ligand   0.490   0.001       0.425          0.001                    0.171    0.001
  CRP            0.402   0.001       0.330          0.001   0.171    0.001            

**Note:**

*r*=correlation coefficient.

**Abbreviations:** CRP, C-reactive protein; mRS, modified Rankin Scale; sCD40, soluble CD40; SSS, Scandinavian Stroke Scale.

###### 

Correlation of the serum levels of neopterin and sCD40 ligand with the risk factors of stroke in patients with ischemic stroke

  Risk factors                      Neopterin   sCD40 ligand           
  --------------------------------- ----------- -------------- ------- -------
  Hypertension                      0.006       0.49           0.117   0.001
  Diabetes mellitus                 0.046       0.033          0.1     0.001
  Dyslipidemia                      0.003       0.574          0.185   0.001
  Smoking                           0.010       0.322          0.046   0.032
  Ischemic heart disease            0.026       0.112          6.734   0.798
  Atrial fibrillation               0.032       0.075          1.323   0.91
  Abnormal carotid duplex           0.071       0.007          0.089   0.003
  Abnormal vertebrobasilar duplex   0.093       0.049          0.025   0.798

**Notes:** *R*=correlation coefficient. Bold values indicate statistical significance.

**Abbreviation:** sCD40, soluble CD40.

###### 

Multivariate logistic regression analysis for determining the role of neopterin, sCD40 ligand, and CRP in predicting mortality in our patients with acute ischemic stroke

  Variables      AOR    95% CI       *P*-value
  -------------- ------ ------------ -----------
  Age/years      1.13   0.99--1.28   0.068
  Sex (female)   1.80   0.62--6.35   0.531
  Neopterin      1.53   0.98--2.39   0.062
  sCD40L         2.65   1.03--6.81   0.043
  CRP            2.51   1.15--5.51   0.022

**Notes:** The model included age and sex as a priori factors in addition to the significant factors in the univariate analysis. Bold values indicate statistical significance.

**Abbreviations:** AOR, adjusted odds ratio; CRP, C-reactive protein; sCD40L, soluble CD40 ligand.
